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(54) MARTENSITIC FREE CUTTING STAINLESS STEEL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a martensitic 
free cutting stainless steel which has excellent cold 
forgeability, machinability, hot producibility and 
environmental harmonization without incorporation with 
harmful elements such as Pb. 

SOLUTION: The stainless steel has a composition 
containing, by mass, <0.40% C, <3.0% Mn, <0.1% P, 10 to 
17% Cr, 0.03 to 0.3% Sn and <0.1% N as fundamental 
components, and, if required, containing 0.05 to 0.4% S, 
0.05 to 0.4% Si, <0.01% Al and 0.005 to 0.015% O, also, 
one or more selected from 0.0005 to 0.02% B, 0.0005 to 
0.02% Ca and 0.005 to 0.20% Bi, one or more selected 
from £1.0% Ni, <2.5% Cu. <3.0% Mo and £1.0% Co, £0.3% 
Nb, £0.3% V, £0.3% W, £0.3% Ta and £0.3% Zr, and also, 
one or more selected from 0.0005 to 0.2% rare earth 
metals, 0.01 to 0.3% Ti and 0.0005 to 0.01% Mg, and the 
balance Fe with inevitable components. 
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(54) [fSWro^fia T^^U-f hSSftg!|X5r>PX»? 



(57) omi 

CSBfcffg] Rit%"C\ C^0.40, Mn^3.0, P<0. 

1, C r : 10-17. S n : 0.03-0.3, : 0.1 
BE^-i:U i&SfcJtSUS : 0.05-0.4, S i : 0.05— 0.4, 
A 1 :0.01*SS, 0 : 0.005 — 0.015, $fc, B : 0.0005 
—0.02, C a : 0.0005— 0.02, B i : 0.005 — 0.20<D1 
aXfi 2 S1JJLL N i <1.0,Cu^2.5,Mo^3.0,C o 
Sl.O OiaXtt2»ULh» Nb^0.3,V^0.3,WS0. 
3.T a^0.3,Z r^0.3,£fc, REM : 0.0005— 0.2, T 

i : 0.01-0. 3, Mg : 0.0005-0.01© 1 aXfci2 WiLt 

7>i 




0.1 0.2 



0.3 



0.4 



V 



C : 0. 0 5-0. 4 0%, 
Mn : 0. 0 5-3. 0%, 
P : 0. 0 1 -0. 1 %, 
Cr : 10-17%, 
S n : 0. 0 3-0. 3% 
N : 0. 0 0 5-0. 1 0% 

[KK9I2] li%T% 



C : 


: 0. 


0 5-0. 


1 5%, 


Mn 


: 0. 


0 5~3. 


0%, 


P 


: 0. 


0 1 ~0. 


1 %, 


S : 


: 0. 


0 00 5- 


0. 0 5%, 


C r : 


' 1 0 


-1 7%, 




S n : 


0. 


0 3-0. 


3%, 


N : 


0. 


0 0 5 -.0 


. 10% 



S : 0. 0 5%S— 0. 4 % 

S i : 0. 0 5—0. 4%, 

A 1 : 0. 0 1 %tCF\ 

0 : 0. 0 0 5 — 0. 0 1 5% 

[11*95] nm%x\ zzic 

B : 0. 0 0 0 5-0. 0 2%, 
C a : 0 . 0005-0. 02%, 
B i : 0. 0 0 5-0. 2 0% 

<D l m&IHt 2fflJK_t*#rr*c 

9 1 TbS 4f2®<Di^-fnfr l SfcEHScD^I/f-f'lJ-'i' h 

[If #96] «*%T\ ZZIC 
N i : 0. 0 5 — 1. 0%, 
Cu : 0. 05~ 2.5%, 
Mo : 0. 0 5 — 3. 0%, 
C o : 0 . 0 5 — 1. 0 %&TF 
<D 1 an ft it 2 W&Lk&Srir* S C i: £ "f 3 fflt* 
9 1 71M 5 oi^-f ttfr 1 Sfcfg^^ml/r-yiM h^ft 

H"j7x>U7f3 0 

[SURE 7] Kft%T% *6lc 
Nb : 0. 0 5-0. 3%, 
V : 0. 0 5-0. 3%, 
W :0. 05 — 0. 3%, 
T a : 0. 0 5-0. 3%, 
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Z r : 0. 0 0 5 — 0. 3% 

<r> i a f it a 2 ««±^#^r zctz&wittzmm 

« 1 71S 6 ffiiwrftfr l JSfcfE®© v;l/x>1M h 

[tt*«8] «a%r% ssk 

R EM : 0. 0 0 0 5 — 0. 2%, 
T i : 0. 0 1 —0. 3%, 
Mg : 0. 0 0 0 5-0. 0 1 % 

10 9 1 TIjM 7 ©t^-f ftfr 1 S^ISKO h^-ft 

[%0£©f¥*fflftIKBJi] 

[000 1] 

ftSij7r > U*SUc«fc 5 , ttHiJttTSISJ: LT> P b , 

tt. temmcmtircmmfc&Li^frT-yyj h^m 

[0 00 2] 

20 [&*©&«] v;l/fWhf«IMfyi/X 
Sit SUS416, SUS420 F ^<DM^M%<D'S&i 

^mcM^mt LT P b , S e , T e J&JSfloLTWjS 
LT#ft<, 09* tf, Stdra*Te*8^LTW{tftflDiB 
Jg*3rat#J»LT?&|lBil!Bitt*lRl±*-&S £1 
£*lT<^5 (1#IJS«5 4-5 9 7 1 2^488) . $ft> 
<£C©v;bx>-9:-r h^7x>b7g|tCP b, Te, S 
e , B 1 #OttH!l3t*%SJDLfe?&iaiOXeK:«n5tt 
30 HMP&SSnTI^S 0$HPF 1-008258 

[0 0 0 3] LfrLfttf?., «ifi P b t9©*tt©&H* 

mfmn, ft*<Dmmr3mfrt>M$izn%mztf&< ft 

oT35tk SiST-tft<ftl300^5o COJ^KfiE* 
£D7x>b7ilTii, Pb, T eH<DStt<D3tl/^7t;^ 

iiffl^-rt , %nis!&tt$at& 5 c ft < £nM&i&. 

nTi/-«ft(/v 

40 [0 0 0 4] 
[0 0 0 5] 

50 ^fPt^LT, iiraSligft, »*tt. fclHftilttfcfiT* 



» 
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o, ca, ai, s, b imzfflw-rzzt'vmc&ffl 

[0 0 0 6] *%W<DWWt?5tC5l,m 
T©iIt)T*fe3o 

(1) Si%T% C : 0. 0 5 — 0. 4 0%, M 

n : 0. 05 — 3. 0%, P : 0. 0 1—0. 1%, 10 
Cr : 10-171 S n : 0. 03 — 0. 3% 
N : 0. 00 5-0. 1 0%*tf U iSA s F 

(2) «*%-£% C : 0. 0 5—0. 15%, M 
n : 0. 05 — 3. 0%, P : 0. 01—0. 1%, 

S :0. 0005 — 0. 05%, Cr : 10-1 
7%, S n : 0. 0 3-0. 3%, N : 

0. 00 5-0. 1 0%^tU 9»#F eRtf^RT. 
»Ml»3&»64* 5v;l/x>-9--r h^K 20 

[0 00 7] (3) Mm%T\ £P>fCS : 0. 05% 

@~o. 4%%.-&*-rs<:i:*f$at , r««iffi co te 

(4) 81%-?, £&KS i : 0. 05—0. 4%, 
A 1 : 0. 0 1 %WT> 0 : 0. 0 0 5 — 0. 0 

1 5 fc*#ai:-rsiwa (D Jbs 

(3) ©vvfftfr 1 3SfcSE«©v^f H^ftiJX 

(5) ' Kjl%T\ £6>£B : 0. 00 0 5 — 0. 0 30 
2%, Ca :0. 0005 — 0. 02%, Bi :0. 0 

o5~o. 20%<D\m%rc\z2mu±.*^ : 5-$z>z-t 
zftmttzmz co /in (4) mmo^irtifr 1 m 

[0 0 0 8] (6) MM%X\ ZZlCN i : 0. 0 5 
— 1. 0%, Cu : 0. 05 — 2. 5%, Mo : 
0. 05 — 3. 0%, Co : 0. 05 — 1. 0%U 

t© i m^tcitzm&L±^mt?> c tumkt-rztii 

IB (l) 71S (5) ovvf*ifriHicER0 , ?;l/7 L :/'9' 

-Y h S'ttfflXr- ^ UXSIc 40 

(7) jtS%T\ *e>tNb:0. 0 5 — 0. 3%, 
V : 0. 05 — o: 3%, W : 0. 0 5 — 0.. 

3%, Ta : 0. 05 — 0. 3%, Zr :0. 00 

5~o. 3%© im^r^tzmtjLi^i^t^h^ 
fSfc-rswiH co 752 (6) faso^-fftfr i mem, 

(8) K1%T, ZZlCR EM : 0. 000 5 — 0. 
2%, Ti :0. 01—0. 3%, Mg : 0. 000 
5-0. 0 1 %© lMtzrclt2m&L±%:-£ : &??><lt%: 

itafcfsiOE (i) nm (7) ®^i*n*» meiBis so 
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ti, La, Ce, Y#©3H:li7c*;g-t^-5o 
[0 0 0 9] 

•Y HffllSffTv h U y ZX(D&m.*mibZrclbO. 0 
fc&, ±18*0. 4 0%£Lfc o L<tt0. 35% 

[oo i o] Mnfct, s hmtm*-D < <omm*fa±. 

Z&%7xMT*$>Z>fcV> s 0. 0 5 %y.±mu?%o Lfr 

ttffiltta^frfS. ^©£a6±&g*3%&cRg5£Lfco M 
BAttfcfiLtS-frStti:, £?3:L<J2:0. 8%JKT 

[ooi i] Ptt«8Ute0iRi±£W»fc7eR-e*»>, 

0. o l %W±8anrrs#» Siitt. m&oite&cfctf 
B£tt*&{t:£-£3fci6, ±11*0. i%£Lfc 0 £?S: 
LOiO. 0 1-0. 0 4%Tfe5„ 
[0 0 12] C r {4Bdtt**fif Sfc*lC 1 0 %&± 

An-w* hm.t&zmm< ^©fci6±is£ 1 1 % 

tLTc 0 $?£L<& 1 1 . 0—15. 0%T-fe5 o 
[0 0 13] S ny^l/xyiMh^x^PXftKfc 

7C*T'$.5o ^©fc*6»C0. 0 3 %W±ifeta1"So Lfr 

L£#e>, o. 3%*fflATJS4irrsi:«illB«iitt J f>» 
ffiltt^ffc-rSo *©fc*±R* 0 . 3%i:Lfc 0 01 
tC12Cr-0. 1C-0. 0 5 B i &©#£HCS n£ 

jfeboLfctf^ (4mmg?) O F U ;l^tWti*IB*wf . 
Sn*0. 0 3 — 0. 3%*-e«.2 5#tirtfcFU;W 
HiiLT*5(3, »Sb<tt0. 0 5 

-0. 2 0%t 5 &S o 
[0 0 1 4] NttSia©3lfi*5t«-rSfcii>x 0. 0 0 

5%«±^ip-r5^, 8tauar«fcttfk0itti$©vh 

2-&4fca±l8*0. 1 0%fc LTc 0 fcfSLOiO. 0 
0 5 — 0. 0 6%-£ ! 2d&o 

[001 5 ] 2 , 3 ©#f|HJlia©$#g5B 

KOl>T, BB®l**3S-^a. C«, v;1/t->+M hffi 
IB*f§TvhU v£*©Sft*?Ki63fcao. 0 5%W 

±«iirra*^ o. 1 5 %m<omMt^mmt^^it 

£-fr3fci6, j*iB»i*sias-rs^©±iB*o. 1 5% 

tLtno SfSLXtiO. 1 2%WTT*^5o 

[0016] s itmmmx$> zt\ vhU'^ x*t* 

3Bf (»^2) ©±ffitt0. 0 5%i:Lfc 0 »$L< 
fiO. 0 3 %£TFT?fcSo Sfc^SBHS^Hfig^l 1 , 



(4) 

5 

«iitt*'sa*r*i$ (sra»i3) s£o. os%s 

&±m*0. 4%tLfc 0 $?$L<fciO. 35%WTT* 
[0 0 1-7] *|C, If 3<5l 4 <0#fSP§<Dri&Hi:"^T\ 

o. o 5 %&L±ma?% e LfrLStf&« o. 4%%® 

Sid ^.'J.^^t&t), ZtiZ&t LTHttl-f 10 

mftma&fliMftWL-rzo o. 4 %erFT?fc*u£, mm 

6ft6iE*0/'4%i:L,ft. »SL<ao. 05 — 
0. 3%T?£3 0 I^K^fi«Offl*»»k:tt % % 

JEf 5# v .0*0. 0 0 5%yL±tt5<&mt:'&2> 0 
[0 0 18] AKiO. 0 1 %*M?LTmQ2tlfciM 

*<Drctb±m*0. 0 l-%tl8£Lfe, £?£L 20 
<&0. 0 0 5 %«TT65o 

[0 0 19] OimftLT^ZZolcmMftVffl&Z.lS. 
ft*i*ftMnO-Cn 0 3 y?-\£?Z<- tT'fa 
B"Jtt%lRl±«-&SfcftK,- 0 . 0 0 5 %£LtiSftrr«o 

fiu o. o 1 5%*mz.TmQ-t&£Mizw%%nit 
VB<D%fe&m%. y -siwttAMST-rs. ^©fc&xiss; 

0. 0 1 5%£Ut, $?£ LOiO. 0 0 5 — 0. 0 1 
2%T-&3 0 

[0 0 2 0] W*5J5©*»W©j«^fc:o^T, 
PE^a^*xE^i)o BttJ»Hlinitt©lRl±Ofci&Kig5l 30 
fcjSCTO.'. 000 5%jSta-r5o LfrL&tfi^ 0. 

0 2.%*jB*TjSta*5£^*#7^K#£riiU 2! 

0. 0 2%tLfc 0 $?*L<ttO. 0 1 %WTTS§ 0 
[00 2 1] C a tt»HR*©tt{fcfc©«!il*J5-te#S[ 

8iJ#5^B:ttt£faX2#3gtoT\ jfcgfcjSlJTO. 0 

0 0 5 %&±ma?5a Lfrb£#?>, 0. 0 2%£® 

WiiPLTil$tt#&{b1-SU *«9rz?fc* 0 40 
fcJ6±Pg£0. 02%i:Lfc o #g;L<{iO. 00 8% 

[0 0 2 2] B i tt«H'Jtt*lRl±*-B-afci&x &£fcf£ 

i:to. o o 5%w±^ia-r5o o. 2 

1 5%JtTFT&*. 

[0 0 2 3] #IC, »*S6 0*RW©ric»KOt>T, 

^fcsfcto, i^kijSUT^ti^no. os%«±Sin -so 
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[0 0 2 4] C ufi^'J147circ-&3fcJ6, &SICJ&1; 
TO. 0 5%W±jS[|D-r«^ jftMEiSinL-fSfSfcfiE 

[0 0 2 5] MottWOBfttt*lRl±S-&*fci&x &g 

tjSCTO. 0 5 %iU:&;lnrf £*\ iHSKSiirrsi: 

#>±P1£3. 0%£Lfc o »SL<B2. 5 %JWTT*& 

[0 0 2 6] BI*9l703MBIi©JS^KOV^T, 
E®!**^*. Nb. V, W, T a tt*tSft*4>£ 

37c46, ^StjSCT-en^tiO. 0 5%JM±J»Hrr* 

1 5%«TT&3. z r ttMftfbMo^Aiciia^ fflEft 

±5-&5fcfe, £SICJSUT 0 . 0 0 5 fcULhSftrfS 

<Dfci&±Eg£0. 3%i:Lft. JffL<B0. 1 5 %& 

[0 0 2 7] §S*^ 8 <D#fgBJ3©j5g^HCO^T, 

ffiSIi^I^S. REM (La, Ce, Ym<D%!±m 

fe3 0 ^©^m^fSttti^ClSDTO. 0 0 0 5% 

Itt*teT*#5fcii>, ±IE*0. 2%£L.fc 0 $?$L 
<(i0. 1 %WTT'$.5 0 

[0 0 2 8] T i «3!©aStt£|R]±£-lJ\ Mg 

tttj&gfciSCTO. 0 1 %JM±A < j2®^feSAV ^« 

fb**Sfc^ ±RB£0. 3%i:Lfco »SL<I40. 
1 5%JWTTS5 0 

[0 0 2 9] Mgtt*OSftlWiinXtt*lnl±«-fr, #tcT 
j^fcjSCT 0. 0 0 0 5 %U±ft^j£SS ; Z?feS3b^ 

0. 0 0 5 
[0 0 3 0] 

mmn m. \ , m. 2 ^•tft^a.^emeM^nms 

WU 50 kgil^ftSLfCo lift SA^O. 05 

s *< o . 05 %iB-e«iiMtt©**qi*«ns«^©{b^ 
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2 0nim<AOlfS|{Ctl:±tffc o 

[0 0 3 1] JF«£, S#0. 05 %*jjfT*ftP E SSg3g14 
£MUtt©ii5#14#g3££ft;5i§£-£, S#0. 0 5% 

0.05 KETFOfc^ : S 1 ) > <ZJ8'Jtt, ftP^IS 

coo32] ®wmzs o o^ii^s 3 K^t^kfrXty- 

^ST-fFtfU 3 Omin t077>'^iM1^5 Ojim 
JaTT'&tUfX^J^iCX 5 6 /i mM<DW&\£ x iff 

[0033] mmm&m^mmfrmmfrz, m&x 

(0 8imXl 10 mm) £$]»)aJU ^V^—UM. 

tioT^initt^fFffiLfco ffF»ii 0 0 0t££ 
feftfcfl^ijpxtt&CX 6 0 x t mm L 

[0 0 3 4] ^H^ttS, ±fSlfSI^5 0. 5mmV/ 
V 0 1 Ommx 2 0 swM$fcK%Vl t» tB U 1 mm 

iPX^ <Mfffi*6*) KTffffiLfCo HJf ffi&S^tf 6 0 

%y.±T*htxi,mmhux&zot u 6 0 e> x 
tmmvrco ^m<Dnmisaxmt±xoxs>^rc 0 

[0 0 3 5] etiP>©M^^$i:46TS4{c^-r 0 

mwm% xmmfii, mmmmmo^xicmnxi^o 

[0 0 3 6] cmcMLX, imm<D No. 3 8-6 IX 

b\ ^•ftife^id^^^e.nfco \mm<r> no. 

3 8 -pit sni (%) t)m^fci6mmcyxMM^t 

®M® ! &K%iX^2>o tttm39<DXl$, Sni 

(%) t)m^rc*bmtttfm<%*). mmcoxmm^ic 
mmm&mc : t>'£z a tmm® n 0 . 40, 

4 1 Xlt. CM (%) *5<fctfN« (%) tfTSWcihlSm 

m£&t5&xsxgm$nc%^>x^2> a tmm<D no. 4 2 
TB:, Mni (%) tf^tc$>$;mm&&txmmifcic 

[0 0 3 7] JtSflO No. 4 3T*&, Pi (%) tffi^ 
fc&ftP^£14^P^PXffic&oT^3. J±&fI<D N 

0.44m ss (%) tf&^rztbi§fflmmmz%?x 

</^„ Jt^O No. 4 5XIZ, C ri (%) /Wfil/^ctf) 
.ffi614^^5o -73, i£$SS3No. 4 6X&, C ri 
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tmmv No. 4 7 m n i a (%) ^i^cj6^f^ 

ilttl^oTV^o UMMCD No. 4 8, 4 9, 5 0"? 
(±, Moi (%) , Cui (%) , Col (%) *Vf 

ft*lfrU:&3 0 Jt^SI© No. 5 1 fit Bi (%) tm 

^rctb&rstiuxmc&z,, 

[0 0 3 8] imm?) No. 5 2 T*tt. Cai (%) tFM 

No. 5 3T*&'; B i fi (%) tf~m^tc#>l%m®&&1S £ 
10 tfittlttt&S,, Jt38#!£> No. 5 4 ~ 5 8 T*«\ N 
b» (%) , VM (%) . W» (%) , T ai (%) , 

zri (%) t>%^tni>*$tw<D^.m*mzLX^2,rc 
a, %>mm&&t5£tfxmmitiiic£%o itrnxo no. 5 

9T?t±, YM (%) #&<,\fc#K f^iPim-i&So it 
©M© No. 6 OTlt T i M (%) flTO^fca, ftP^ 
iittfc ±tfI**fr££5o tt^J© No. 6 1 T?(4, M 
gS (%) *^(/^ci6, I*fHrrtc&5o 
10 0 3 9] ^C^]§Jtt©**^$n5^ "Tt)^ 

stfo. 0 5 ^ijtt, mmhax&zm 

fr</\ xmmtii tmmm^xn-DTc 0 xmm^&y^y 

ZBHmXW&U 3 0minm<D7vy 3 0 

■Q /Co 

[0040] m®iux'&te±mmfr%mfr<b. mfc* 

(0 8mmx 1 1 0mm) %^](3tBL, IJ-— ^UX*— 

30 ttKtc J; ^ xmrntiuxfezmm Lrc a mm* 1 o o o °c 
x-x&nimmoxmto, e o %*^©^-a-fi x t m 
[0041] znz><Dn%im%z£.5 t^-r 0 *^S9 

O No. 6 2 — 7 1 ti, v/Vfyt-i' HkX-r^l/T^c 
Sn^r^i&PL, MtS, P, Bi, Z r UlcSp*. Sffk 

<xt>mm®m&, xmmta, m®tax&<D±xicmti 

Xl^ 0 fflbS i, A 1 *m>X0*fc&T£*$mffl<O 
40 No. 6 2, 6 7ti, Si. K \ tm< 01$<&h^Wm 
<D No. 6 5 , 6 6 tit^TX**^tffitlTV^„ 
[0 0 4 2] iintMLTJtgiiiO No. 7 2-7 6T' 

U^-rnfe^©i^^^^mP.tlfco tt^SiCD No. 
7 2", 7 3THi, N* (%) fcilfCii (%) jb^l^fc 
i6X*#^t^So tk^il<D No. 7 4~7 6T'tt, S, 
P, Bit (%) tf^-?ft$>*%.W<D&m*ffi?LX^2> 

tcit, mmux&ic&z> 0 

[0 0 4 3] 
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[0 0 4 4] 



C*2] 



I 



(7) 
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[0 0 4 5] 

i£3l 



he 



L5T 




<rf> 2 Oram 



150m/mrn 



0.15rrim/pBV. 



1 nun 



30m in 



6 20mm 



lOOm/miri 



0.07mm/r»v. 



1mm 



10s 



20 



[0 0 4 6] 
»4] 



(8) 
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